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Abstract 
The chemical industry is a major source of pollution, because it contains a number of processes related to water use.
The effluent may contain relatively large amounts of organic and inorganic substances such that the aquatic 
environment is constantly threatened.
To find new methods of treating industrial waste water, we tried to implement the de-pollution properties of fibers of
Luffa cylindrica, taking as a model of pollution of synthetic phenol solutions.
In the first step, we studied the kinetics of adsorption for the system phenol / Luffa cylindrica fiber that is made in
advance with different fiber (raw, processed) to find the one that has the greatest affinity for the adsorbent, and as a 
method of analyzing the UV spectrophotometry. 
In the second stage, the focus on the different flow patterns in porous media and the constraints fluid / porous media.
This work shows that historically, the design of processing units depends only on hydrodynamic considerations.
Currently, she needs to assess the physical and chemical aspects inherent in the process of adsorption dynamics.
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1. Introduction 
Toxic metals are rejected by a number of industrial processes, their presence in the environment is a 
threat to flora and fauna, because they accumulate to toxic levels in tissues [1, 2], and disposal is the 
subject of much research. Conventional technologies for disposal of organic industrial wastes have 
reached their limits in many cases; more by-products obtained by these techniques concentrate pollution 
and no substantive shift the problem. In some industries like food processing, the effluent may contain 
relatively large amounts of substances (phenolic). Indeed, normal activity may reject a simple refinery 
0.5mg / l of phenol while a catalytic cracking unit may reject oil to 1 mg/l [3].
In recent years, various attempts of application of plant fibers have been made, particularly in the field of 
wastewater treatment, because of their easy culture. The Luffa cylindrica probably has a certain interest in 
their use of media or filter effluent [4].
Faced with the need for new material more efficient, economical, biodegradable, use of plant material 
(Luffa cylindrica) for the disposal of toxic products in aqueous effluents has received a significant 
credibility in recent years [5]. In this present work, we focused on the one hand, the different flow 
patterns in porous media currently existing in the literature and also on the constraints that appear during 
the interaction fluid / porous media (bed height, flow rates of the influent, temperature and concentration 
remained constant ... and so on.
2. Method and analysis  
2.1.  Adsorption kinetics  
Knowledge of the kinetics of adsorption dynamics present a considerable practical interest for the optimal 
implementation of an adsorbent in an industrial operation based on the adsorption and to understand the 
factors that must be optimized to manufacture or leading to an improved adsorbent kinetics as quickly as 
possible.
In general, the dynamic process of adsorption both in the gas phase in the liquid phase, moreover, can be 
divided into three stages: 
 Mass transfer external transfer of the liquid phase at the surface of the adsorbent particle. 
 Mass transfer internal involve penetration of the adsorbent 
 Adsorption itself; equilibrium is reached faster or slower depending on the speed of adsorption [6]. 
The screws mass transfer in liquid phase is expressed
 
)CtC(LKAV  (1) 
Where:  
V: transfer rate (g/s) 
A: particle surface (m ) 2
KL: mass transfer coefficient in the liquid phase (m/s) 
C: solute concentration at the interface liquid - solid in the liquid phase (mg/l)
Ct: concentration of solute in liquid phase at time t
The rate of mass transfer in the particle is expressed:
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Where:  
s : density of solid, (g/cm3) 
K  : coefficient of mass transfer in the solid phase, (m/s) s
*
m
X : Amount of solute adsorbed at the interface between solid phase, (mg/g) 
: Amount of solute adsorbed at time t (mg/g) 
m
X
2.2. Mass Transfer zone (M.TZ) 
Several assumptions must be checked in advance in order to develop this model (single uniform standard volume 
flow, no phase change, adsorption energy and no significant interaction between adsorbed molecules) [6].
The operating principle of a bed is shown schematically in figure 1 and shows us how the solute concentration varies 
with time. 
 
Fig.1 Evaluation of the concentration at the exit of the bed 
 
2.2.1. Breakthrough time (tp) 
 
It's an operating parameter; it is read directly on the breakthrough curves. It is the time when the effluent 
concentration reaches 5% of the initial concentration as shown in figure 1.
With:   
C : Concentration of the effluent (downstream of the bed, at the exit) e
Ci: concentration of the influential (in upstream of a bed, at the entrance) 
 
2.2.2. Saturation time (ts) 
 
Is the time when the effluent concentration reaches 95% of the initial concentration (figure 1), it is read directly on 
the breakthrough curves.
2.2.3. Breakthrough volume and saturation (Vp, Vs) 
 
Knowing the breakthrough time and the feed rate, it is possible to determine the volume at the point of breakthrough 
and saturation point is defined by the following equation: 
QtV ii   (3) 
With:  
V : volume at the point of breakthrough or saturation i
t : time to the point of breakthrough or saturationi
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2.2.4. Fractional capacity (F) 
 
Defined as the amount of adsorbent removed from the potential disposal of the adsorbent within the MTZ. 
It is defined by the following equation:
pVsViC
sV
pV
dVeCiC
F  (4)  
 
C : Concentration of the effluent (downstream of the bed) e 
 Ci : Concentration of the influential (in upstream of a bed)  
 
2.2.5. Height of the mass transfer zone (Hz) 
 
The height of the MTZ measures the rate of removal of solute by the bed. This is the area or carried out 
the adsorption or concentration of the influent concentration increased from the breakthrough (C ) p to that 
of saturation (C ), it is defined by:s
pVsVFpV
pVsV
HZH  (5) 
Where: 
 H is the height of the bed 
2.2.6. Methodology  
 
The chart below summarizes the essential steps to establish and discuss the adsorption dynamics.
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Fig.2. Flowchart for the preparation of the column for the adsorption dynamics of the phenol - fiber Luffa 
cylindrica
2.3. Analysis of samples 
Throughout the experiments the analysis is done spectrophotometrically (  = 270nm), the measurements 
are made on the glass column (  = 4cm, L = 12.5 cm), lined with glass ball at the end placed between two 
grids with C  = 94 mg/l, m0 S = 10g, T = 20°C, H = 5 cm and Q = 0.19 l/h.
2.4. Breakthrough curve  
 
For a bed height (H) data, we vary the volumetric flow rate in increments of 0090 to 0.80 l/h, then we set 
the flow rate (Q) and to vary the height of the bed. Analysis of samples allowed us to trace the changes in 
effluent concentration versus time to calculate later the various parameters characterizing the system, see 
Figures (3, 4) [7].
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Fig. 3. Variation of the breakthrough curve according to the flow 
Fig. 4. Variation of the breakthrough curve according of bed height  
 
The general shape of the curves consists of three zones forming the letter "S" tilted to the right:
stagnant zone: is the balance of the column where the concentration at the exit is zero;  
 Staging Area: is the work of the column, the adsorption dynamics itself where the molecules  
of phenol adsorbed on the active sites of the fibers, 
Zone virgin is the fiber saturation sites accessible to the adsorption or concentration at the exit  
is close to the inlet concentration [7]. 
The shape of these two figures can be modeled by the following equation [7]:
t
eqt
t
tb1
t
eqt
t
ta
0C
C
 (6) 
Where:   
a and b are constants of the model based on conditions (Q, T, H, size …), 
teq : time limit for the equilibrium zone,  
t : time limit for the equilibrium zone virgin (C/C0              1), 
teq et t : are characteristics for each cuve.  
3. Results and discussion 
Breakthrough time, the results are shown in figure 5, shows that tp decreases exponentially with the rate 
for FLC treated and raw, which tends to a limiting value. As against the tp augmete linearly with the 
height of the bed (figure 6).
Optimization of tp as a function of flow rate and bed height allowed:
To feed rate
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exp 08.0Q3
ptpot
ptpt
 
For the height of the bed
8.2Hpt  
       
Fig. 5. Variation of breakthrough time according to the volume flow 
Fig. 6. Variation of breakthrough time according to the height of the bed 
 
we see that ts of the FLC (stumbles, treaty) a decrease exponentially with the flow Saturation time; tends 
to a limiting value (figure 7), and increases in a linear fashion with the height of the bed as the shown in 
figure 8.
Optimization of ts as a function of flow rate and bed height allowed: 
To feed rate
exp 2.1Q14.7
stsot
stst
 
For the height of the bed
56.40H7.9st  
    
Fig. 7. Variation of the saturation time of breakthrough according to the volume flow 
Fig. 8. Variation of the saturation time according to the height of the bed  
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Breakthrough volume, the figures (9, 10) represent the variations of Vp that increases with speed and with 
the bed height for different FLC It should be noted that this volume provides information on the volume 
capacity of fiber processing. When the concentration of the treated solution reached 5% of the initial 
concentration, they tell us at what moment should be directed to a different filter. Knowing that never 
works with a single filter.
Optimization of Vp as a function of flow rate and bed height allowed: 
To feed rate
Q
58.0Q1.0
Vp  
For the height of the bed
0126.0H3105.5Vp  
      
Fig. 9. Variation of the volume of breakthrough according of volume flow  
Fig.10. Variation of the time breakthrough volume according to the height of the bed    
 
Volume saturation, the results obtained are shown in figures 11 and 12, shows that Vs decreases with the 
flow, but increases with the height of the bed for the raw and treated fibers. 
We note here that the saturation volume is the volume of treated solution until the concentration reaches 
95% of the initial concentration. At this point, we consider that the filter is completely exhausted and it 
would take to replace it.
Optimization of Vp as a function of flow rate and bed height allowed: 
To feed rate
49.0Q23.0Vs  
For the height of the bed
168.0H05.0Vs  
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Fig. 11. Variation of the volume of saturation according to the flow. 
Fig. 12.Variation of the time of volume of saturation according to the height of the bed  
 
Fractional capacity, figures (13, 14) represent the fractional increase capacity slightly with bed height, but 
decreases with the flow rate for treated and raw fiber. 
In both cases, the capacity fraction tends to a limit value, this is due to the fact that increasing the height 
of the bed, allowing the establishment of the MTZ, and thus it improves the dynamic adsorption process.
The optimization of (F) depending on the speed and height of the bed has: 
To feed rate
exp Q41.4
FoF
FF
 
For the height of the bed
H
H98.085.0
maxF
F
 
          
Fig. 13. Variation of the fractional capacity according to flow. 
Fig. 14. Variation of the fractional capacity according to the height of the bed. 
 
Height of the MTZ (Hz), the results obtained are shown in figures 15 and 16 Hz shows that increases with 
the flow and bed height for different fibers (raw, treated), this is explained by the fact that increase these 
variables, we increase the residence time of molecules in the column, or by choosing a site for preferential 
adsorption height, either because of the flow stagnated when it comes to speed. In addition, we note that 
the height of the MTZ is very sensitive to hydrodynamic conditions
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The optimization of (F) depending on the speed and height of the bed has: 
To feed rate
Q
Q9.61.0
H
H
maxZ
Z
 
For the height of the bed
H
H6.127.1
maxZH
HZ  
            
 
Fig. 15. Variation of the height of M T. Z. according to the flow. 
Fig. 16. Variation of the height of the M T. Z. according to the height of the bed.  
 
5. Conclusion 
The design of processing units depends only on hydrodynamic considerations. Currently, that requires 
evaluation of physical and chemical aspects inherent in the process of adsorption. The design and 
operation of operation can be optimized if these aspects are clearly studied
The purpose of this study was precisely the understanding and evaluation of certain parameters involved 
in the process of dynamic adsorption of phenol on the fibers of Luffa Cylindrica. 
A kinetic study must be made in advance with different fiber (raw, processed) of  Luffa 
Cylindrica the adsorbent.  to find one that has the greatest affinity for 
Increasing the flow leads to a lowering of the removal efficiency (increasing the height  of the 
area of transfer of material and its movement speed). 
  In addition to the bed adsorption capacity decreases rapidly. 
  Increasing the bed height has little effect on the characteristics of the system (significant 
increase in the fractional capacity). 
All these relations can be added to different design criteria to optimize the system 
We hope that these results open the way for further investigations (such as the study of the influence of 
chemical parameters, ...) and serve other useful work in the fields of chemical engineering and 
environmental engineering, is any sewage treatment by the fibers of Luffa Cylindrica.
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